Objective: To determine associations between standardized prevalence ratios of Metabolic Syndrome (MS), High Blood Pressure (HBP), and Obesity (O) with structural factors in ecuadorian population aged 20 to 59. Methods: An ecological study was conducted through data from the Ecuador's National Health and Nutrition Survey 2013-2014, and National Census. Standardized prevalence ratio (SPR) variability was analyzed with Poisson multiple regression models (adjusted Relative Risk). Results: The SPR variability for the three diseases was associated with non-affiliation to social security, and inversely related to lower urbanization. HBP and O were associated with functional illiteracy and higher rates of primary care physicians/1000 inhabitants. HBP and MS were related to poor housing. Conclusions: Policies of non-communicable chronic diseases control in ecological transition countries need to take structural variations into account.
Introduction
Non-communicable chronic diseases (NCDs) are recognized as one of the leading causes of disability, premature morbidity and high mortality, [1] they are of long duration and generally slow progression. Cardiovascular diseases, cancer, chronic respiratory diseases and diabetes are responsible for 82% of NCD-related deaths, worldwide: more than 40% of these deaths were premature (before age 70 years), and 82% of these premature deaths occurred in low-and middle-income countries in 2012 [2] .
An understanding of the multifactorial complexity of NCDs in each geographical setting, allows us to describe the behaviour of epidemiological indicators to guide to the design of prevention and control activities, in both developed and underdeveloped countries [3] .
Ecuador is a middle-income Latin American country, which is in a process of transition: demographic (aging population), epidemiological (presence of communicable and non-communicable diseases) and socioeconomic (urbanization of poverty); [4] its 26 administrative territorial units (ATU) exhibit differences in terms of the proportions of sex, ethnic origin, proportion of urbanization, financial status, cultural and behavioural attributes [5] [6].
In 2012, 9.8% of the Ecuadorian population aged 20 to 59 years and economically active had hypertension, 4.5% had diabetes, 39.1% metabolic syndrome, and 62.8% were overweight/obese [7] .
Variations in structural factors could contribute to increase prevalence rates of NCDs and to a lack of social cohesion and they impede sustainable human and economic development in a region [8] [9] .
Given this situation, we proposed to analyse the distribution of standardized prevalence ratios of metabolic syndrome (MS), high blood pressure (HBP) and obesity (O) and its association with structural factors, in the population aged 20 to 59 years, aggregated in 26 ATUs, through an ecological study, considering the same criteria used by the Government of Ecuador for the distribution of health resources in the country. The standardized prevalence ratios express the difference between the observed rate and the expected rate, taking overall Ecuador figures as reference.
Materials and Methods

Study Design
Ecological study which used the 26 ATU defined officially in Ecuador. The ecological unit was the ATU, administrative ecological units which is used by the government of Ecuador for any distributive and political decision in the country.
The criteria used are the same as the census of Ecuador [6] . In this case, population of these ecological units was truncated to consider people between 20 to 59 years old. The exposures and outcomes of inhabitants were aggregated to these units treated as indicators of the final considered population [10] .
Data Source and Acquisition
We used data from three sources: 1) The National Health and Nutrition Survey 2011-2013 (ENSANUT 2011-2013); [7] 2) The 2010 Population and Housing Census (CPV2010); [6] and, 3) The 2012 Survey of Health Resources and Activities (ERS2012) [11].
1) ENSANUT 2011-2013. This survey collected information about NCDs, as well as physical activity, nutritional status, foods eaten, and access to food complement and prophylactic supplement programs. It used a stratified, multistage, area probability survey design, sampling the population aged under 60 years of age. Subsequent weighting of the data permitted calculation of national estimates. This survey was sponsored by the National Planning Secretariat, the Ministry of Public Health and National Institute of Statistics and Census (INEC). The survey was administered through confidential, anonymous, face-to-face interviews in the home by trained interviewers. The database is publicly accessible [12] . For more details see the related technical report [7] .
From this survey, and for the population aged 20 to 59 years (10960 participants), we obtained the global prevalence rates in Ecuador of MS, HBP and O, and their specific prevalence rates by age-group and sex, as well as the global and specific prevalence rates of these conditions for each ATU.
Subjects were considered to have MS if their waist circumference was greater than or equal to 90 cm for men, and 80 cm for women, and they presented at least two of the following indicators: triglyceride level over 150 mg/dl; high density lipoproteins under 40 mg/dl for men, under 50 mg/dl for women; blood pressure over 130/80 mmHg; plasma glucose over 100 mg/dl [13] . They were considered to have HBP if their systolic blood pressure was 140 mmHg or higher, and/or diastolic blood pressure was 90 mmHg or over [14] . Subjects were considered Obese if their body mass index was 30 or higher [15] .
2) CPV2010: This consisted of a multi-objective national survey conducted by the INEC, designed to provide information about demographic, social and economic indicators in Ecuador. The census was applied throughout the country, the questionnaire was administered directly to the head of the household, on a day when all members had to be at home for the purposes of the survey. The CPV2010 was structured in various components, of which we have used two: persons (CPV2010_p) and housing (CPV2010_h).
We obtained the following social variables from the CPV2010_p: urbanization status (Urb), defined as residing in a basic geo-statistical territory with a settlement of grouped dwellings; functionally illiterate (three or fewer years of basic education) (FIll); not affiliated to Social Security (NoSSec).
Information relating to the following structural variables was obtained from the CPV2010_h: no access to drinking water, sewage system, electricity supply, or rubbish collection system, presence of overcrowding (three or more persons sleeping in same room), these being summarised for each household as an indicator called "Structural deficiencies" (SDef), when that household presented two or more such deficiencies.
3) ERS2012. This survey collects information about health personnel, teams and activities carried out during 2012, in all health-related establishments, whether they involve internment of patients or not. From this survey we obtained the rate of primary care physicians/1000 inhabitants (PCP).
Creation of Ecological Indicators
1) Truncated population pyramids in five-year age groups were elaborated for each ATU.
2) Aggregation of the structural indicators, explained above, allowed us to generate indicators, in the form of percentages of individuals and households, respectively, for each ATU. These indicators were grouped into three categories (Q 1 = first quartile, Q 2-3 = interquartile range, Q 4 = fourth quartile), where the first quartile corresponded to the lowest values of the indicator.
Data Analysis
Prevalence rates in each ATU were standardized using the indirect method (standardized prevalence ratio SPR), taking as reference the specific rates for Ecuador as a whole. Standardized prevalence ratio variability of each disease was analysed using Poisson multiple regression models (adjusted Relative Risk, RR), taking the first quartile of the indicator value as the reference. All analyses were conducted using SPSS v. 24 .
With the aim of providing an overview of the joint presence of the indicators studied, the map shows the model from the weighting of indexes of each of them. The map was elaborated using Analytic Hierarchy Process. For the weighted model we used values of the Pearson correlations [16] between the indicators. Table 1 presents the distribution of the factors analysed. The value of Urb ranged between 16.9% and 67.7%. The proportion of FIll ranged between 1.7% and 11.0%. In 50% of the ATU the NoSSec indicator values ranged between 73.0 and 79.5% of the inhabitants. The proportion of dwellings with structural deficiencies ranged between 35.9% and 84.3%. The values of PCP were between 43.0 and 1025.0/1000 inhabitants.
Results
General Characteristics of the Factors Analyzed
For all indicators the best situation, i.e. falling within the first quartile, was observed to be concentrated in four ATU. Figure 1 shows the joint weighted presence of the five correlated indicators.
Correlations between the indicators studied fluctuated between 0.302 and 0.619 (p < 0.01 in all cases). Persons not having any social security had a higher tendency to present SDef in their homes, FIll, and the lowest proportion of Urb. PCP was not significantly correlated with any of the other indicators. Open Journal of Epidemiology Table 2 shows the variations of the prevalence rates/1000 inhabitants and SPR for the three diseases studied. Correlations between the SPR of the three diseases studied fluctuate between 0.59 and 0.64 (p value < 0.01 in all cases). Table 3 presents the results of fitting Poisson models for the SPR of each disease studied. In the three diseases we observe a significant increase in the SPR associated to higher percentages of non-affiliation to social security, whereas the SPR decreased as the proportion of urbanization decreased. We also observed that the SPR for HBP and O increased when the proportion of functional illiteracy increased. Similarly, the SPR of MS and HBP increased when the proportion of household structural deficiencies increased. Open Journal of Epidemiology On the other hand, the highest presence of PCP/1000 inhabitants is associated with an increase of 11.2% in the rate of O in its highest category, and 5.8% in the rate of HBP, compared to baseline, while the rate of MS fell 9.1%.
Prevalence Rate and Standardized Prevalence Ratios of MS, HBP and O
Connection between SPR and Indicators
Discussion
Through this ecological study analysed information on a set of structural factors associated to the standardized prevalence ratios of metabolic syndrome, high blood pressure and obesity, as data aggregated over the territorial units of a country in epidemiological transition. This ecological research was carried out to examine the factors and associations at the group level, we do not intend to make inferences at the individual level [10] [17] . This study is the first to be conducted in Ecuador in this field, making use of different governmental sources of publicly accessible information.
The results have shown that in the population aged 20 to 59 years, an important proportion of which is economically active, greater rates of individuals not affiliated to security social were related to higher SPR for all three diseases. We also found that those ATU with higher proportions of FIll had more people with HBP and O. This association is not surprising since the same trend is shown in multiple studies, the explanation being the difficulty in understanding behavioural patterns by illiterate patients, which in turn belong to the weakest layers economically and therefore follow inappropriate nutritional guidelines [18] [19] .
Data from a worldwide health survey, 2002 to 2004, show that people with the lowest levels of wealth and education had higher prevalence of certain NCDs such as angina, arthritis, asthma, depression and comorbidities, despite the fact that no solid data was available from the low-and medium-income countries [20] .
In the ATU with the lowest proportions of urbanization, the number of patients observed is lower than if the problem were to behave as in the rest of the country. The phenomenon of rapid urbanization is associated with changes in behaviour which increase the risk of NCDs [21] . One study derived from ENSANUT found that the double burden of undernutrition and excess weight in the Ecuadorian population is a serious problem, especially in women and children [22] .
Our results are cause for reflection about the boundaries and meanings of rural compared to urban. One anthropological study in the Andean area showed that identifying rural with "traditional", and urban as synonymous with "modernity", can no longer be upheld, since the operational parameters are not necessarily in opposition. Rural areas have close ties with urban life, while urban, popular, culture is the result of the gradual integration of indigenous, colonial elements which have become modified, and elements that are modern, from western culture [23] .
Another study in Ecuador showed that a higher level of urbanization, defined as improvements in urban infrastructures, public services, changes in social structures and lifestyle, and population growth, among other factors, was associated with a higher prevalence of asthma in the population aged 7 to 15 years old [24] .
One ecological study in 18 European countries showed that urbanization of poverty and the rise in unhealthy lifestyles produced drastic effects on life expectancy of elderly adults, due to non-communicable chronic diseases [25] .
The number of doctors per thousand inhabitants and the SPR of the diseases, did not always present the negative association which might be expected, since it is possible that efforts to confer health resources on those areas with the highest prevalence of the diseases analysed, would only achieve a reduction in the very long term, through a reduction of the incidence.
The overall objective of reducing by 25% the probability of dying by non-communicable diseases among persons aged 30 to 70 by 2025, [26] which has joined the Government of Ecuador, is based on an understanding of the influence of social and health inequalities, as well as an understanding of biological and behavioural sciences [27] [28] .
Loss of productivity, especially among individuals aged between 20 and 59 years, due to disability or premature deaths associated to NCDs act as important barriers to poverty reduction and sustainable development [29] .
The results of this study, which show a higher proportion of people with the three diseases studied, in the geographical areas with increased urbanization, but at the same time, with a greater proportion of FIll, NoSSec, and SDef, should be considered to strengthen the actions of prevention and control of NCDs as an integrated and collective intervention, and considering territorial differences.
It cannot be determined empirically if the differences found between the ATU are the product of a different level of implementation of the country's health policies, before the information is collected, therefore, these data are initial hypotheses that generate further analyses that, with little funding available, could improve the situation.
Limitations
This study has the following limitations: 1) this was an ecological study and therefore does not permit estimation of causal connections, merely associations between the presence of social/structural indicators and prevalence rates; 2) ENSANUT data refer to a point in time two years after the census, but in any case, no other national level data are available; 3) the age range studied for the three diseases corresponds to that for which ENSANUT data are available, however the burden of chronic diseases of this type is greater in people aged over 65 years, as has been reported by various epidemiological studies, [30] [31] 4) as no updated census data are available, it is not possible to present an association coinciding better in terms of time; 5) as is logical, an appreciable co linearity between indicators impedes considering the true effects of their joint presence in a principal effects model, due to the relatively small number of ecological units, which makes it difficult to include interaction terms in the model.
Conclusions
The most important significance of this study is to be the first analysis of chronic non-communicable diseases distribution, ecological unit-level related to socioeconomic indicators, that due to their involvement in health and their economic consequences in the short and medium term should arouse the interest of the country's health authorities in order to dedicate resources to its prevention and consideration for the destination of health resources. This analysis would contribute to the baseline level to establish between unit differences prior to the application of intervention measures.
The connection between a set of the structural indicators, and the regional rates of MS, HBP and O in geographical administrative units identified those areas in which urgent action is required, not only in terms of the diseases, but also in terms of the structural indicators and review of health policy planning.
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